Abstract: Continuous efforts have been done to develop high quality Graphene in large area for both research purposes and with a view to possible applications. Although most of the research progress has been made in understanding the structure, processing and properties of GRO/GRO-based compound, there is significantly more to be explored and exploited given the highly versatile physical properties of the material. In this work we report an efficient and easily accessible route to synthesize graphene oxide using modified Hummer's method, indium sulphide and In 2 S 3 -GRO composites by a hydrothermal process. The films were fabricated in various thicknesses, which allow studying the effect of the thickness on the material properties. Surface morphology of the samples was investigated using atomic force microscopy (AFM), which showed that films had a continuous coverage with a smooth surface. The optical characteristics of the deposited films were obtained from the analysis of the transmission and reflectance spectral data over the wavelength range of 300-1800 nm. The optical absorption data yielded a direct band gap energy of 3.4eV for GO sample, while the bad gap varies from 3.7 to 3.0 eV for the In 2 S 3 /GO-based samples depending on the thickness of the In 2 S 3 itself. This work provides new insights into utilizing In 2 S 3 /GO composites for energy conversion.
Introduction
Photovoltaic fields are attracting more and more attention because of their potential for solving environmental and energy problems, which are the biggest challenges of the 21 st century. Thus, numerous attempts have been made on the fabrication of semiconductor nanomaterials as potential alternative photocatalysts with desirable visible light activities. Recently, graphene-based assemblies are gaining attention as a viable alternate route to boost the efficiency of photocatalysts. Graphene is a planar monolayer of carbon atoms that arrange into a twodimensional lattice with sp 2 hybridized and a carboncarbon bond length of 0.142 nm [1] [2] [3] [4] [5] . Graphene is a basic building block of graphitic materials for all dimensionalities.
To date, several Graphene-based composites have been reported for their improved photocatalytic properties. However, little attention has been given to In 2 S 3 /Graphene nanocomposites. Recent years have witnessed the flourish of constructing Graphene (GR)-semiconductor composite photocatalysts for conversion of solar energy [6] [7] [8] [9] since the discovery of GR in 2004 [10] . Due to the remarkable physical and chemical properties of GR, various GR-based semiconductor have been designed and widely applied in a various fields such us; polymer nanocomposites, supercapacitor devices, drug delivery systems, solar cells [11] , memory devices, transistor devices, biosensors and electromagnetic/microwave absorption shields. Recently, divers group reported the fabrication of GR-CdS [12] , GRTiO 2 , and GR-ZnS nanocomposites and their application for aerobic selective oxidation of alcohols to aldehydes and oxidation of alkenes to peroxides under visible light illumination. In addition, the utilization of one dimensional CdS nanowires reduced graphene oxide (RGO) for selective reduction of nitro compounds under visible light irradiation is studied. However, CdS semiconductor often suffers from environmental problems due to the fact that cadmium (Cd) is toxic to most organisms and has been classified as carcinogenic and mutagenic. Thus, an alternative choice of GR-semiconductor composite photocatalysts with low toxicity would be more desirable and environmentally benign. Its large surface area, high carrier transport mobility, superior mechanical flexibility, and excellent thermal/chemical stability render it a promising alternative as an electron-accepting material for photovoltaic [13] [14] [15] [16] [17] [18] [19] .
Many attempts have been done to make use of In 2 S 3 as a visible light-driven photocatalyst for degradation of organic dyes, water splitting to hydrogen, dry cell and photocatalysis [20] [21] [22] [23] [24] [25] [26] . However, to the best of our knowledge, reports on In 2 S 3 -GR composites for photocatalytic selective redox reaction applications are relatively limited. In particular, application of In 2 S 3 /GR as a visible light-driven photocatalysts for selective reduction of nitroaromatic compounds remains unavailable so far. Against this background, where in report the synthesis of In 2 S 3 /GR nanocomposites via an efficient and a simple self-assembly approach during which the positively charged In 2 S 3 is coupled with negatively charged Graphene oxide (GO) by the electrostatic attractive interaction. GO [27] is reduced to graphene by hydrothermal treatment. This work highlights the important synthesis and thickness effect of In 2 S 3 /GR semiconductor nanocomposites. Figure 1 shows the sample route for synthesis of GO and In 2 S 3 /GR thin layers. Graphene oxide was synthesized from flake graphite by a modified Hummers method. GO/In 2 S 3 composites were synthesized by a one-step hydrothermal growth reaction. In a typical process, 5g of graphite fine powder with 5g of NaNO 3 were dissolved in 23 mL H 2 SO 4 in ice bath with a constant stirring for 4h prior to adding 6.0 g KMnO 4 . Next, 3 g of KMnO 4 and 46 ml of H 2 O, were added to this solution. The mixture was stirred in a water bath for 120 min to get a homogeneous solution. After 120 min, 250 mL of desionized water was slowly added, and the temperature of the solution was raised to 98 C for additional 60min. Then, the reaction was stopped by adding desionized water (250 mL) and H 2 O 2 (10mL, 35%) during 1h. The solution's color transformed to brilliant yellow. In 2 S 3 was added with constant stirring to obtain a homogeneous solution. In 2 S 3 /GO was spin coated on a glass substrate at 3000 rpm for 30s. Then, substrates was annealed at 250 C for 60 min.
Experimental Details
The Surface morphology was examined using Atomic Force Microscopy AFM; VeecoCP-II in contact mode with Si tips at a scan rate 1 Hz. Optical measurements were acquired at room temperature in the spectral range of 200-1800 nm by using a computer-aided double-beam spectrophotometer (Shimadzu 3150 UV-VIS-NIR) with a resolution of 0.1 nm.
Results and Discussion

AFM Analysis
Surface morphology was analyzed using atomic force microscopy (AFM). The 2D and 3D AFM images of the annealed composite films with various thicknesses presented in Figure 2 .
The scanned surface area is 5µm×5µm. The AFM micrographs reveal the continuous coverage, of the layers and show that the film surface morphologies depend on the thickness. The root mean square (RMS) roughness value varies with thickness. This result could be explained by the agglomeration after annealing. The film growth proceeds through agglomeration of the islands. These islands later coalesce together to form the continuous film with further increase of temperature leading to homogeneous topography [28] . This can be related to the strong effect of the capillary forces on the surface of films. No principal change in the morphology is observed on the images of the films. Table I summarizes the roughness evaluated from AFM measurements as function of thickness layers. We note that Thermal annealing at 523K during 60 min produces the following changes in roughness. The grain size of the deposited films varied with the thickness, which may be attributed to the nucleation on the substrate. The root mean square (rms) roughness of the film increases with increasing thickness. The highest Licensed Under Creative Commons Attribution CC BY roughness is obtained from the film of greater roughness with 300 nm.
3.1: Optical Studies
Optical transmission measurements in the wavelength range 200-1800 nm were also performed in order to investigate the effect thickness on the optical performances of window layers. Figure 3 shows the optical transmittance of the films with various thicknesses deposited on glass substrates. All layers show good transmittance reaching 55 % in visible and 65 % in near-IR region. The optical band gap of the films is determined by the following relation [29] :
where A is a constant, Eg is the optical band gap and the exponent n characterizes the nature of band transition, α is the absorption coefficient, h is the Planck`s constant is and ν is the frequency. Figure 4 shows the variation of (αhν) 2 against hν. The band gap energy is determined by extrapolating the straight line portion to the energy basis at α = 0. We noticed that the gap energy has spent from 3.0 eV to 3.7 eV. It is remarkable that this variation is linear with the variation thickness. It is known that the optical characteristics of semiconducting thin films may vary with the thickness of these films. Such behavior may occur due to several reasons such as the variation in the stoichiometry of the films. A vacancy in the crystal structure of semiconductors is well known to create crystallographic defects, which form localized energy states in the band gap. This may affect the interaction between semiconductors and light, and therefore alters the band gap.
Conclusion
GO was synthesized using Hummers method and annealed at 573K for thermally reduced GO. In 2 S 3 /GO was synthesized and deposited on glass substrates using spin coating method. The surface morphology and optical properties of annealed GO and In 2 S 3 /GO thin film of different thickness have been studied. Studies using AFM indicates the formation of graphene oxide. The optical band gap Eg was found to be 3.4eV for GO while it varies from 3.7 to 3.0 eV with varying the In 2 S 3 /GO thickness.
